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This introductory volume* presents & general discussion of tho 
min features of the Gaseous Diffusion (K-25) Project. The purpose of 
tho Project, authorisation, theoretical foundations, prelitain&ry 
planning, safety and security aspects, coato, and administrative 
or^anieation are treated, and a briof overall description ie given, 
with an indication of eoop© and magnitude, as well ao a otatomsnt of 
problenjc posed by tha decision to utilise the laethod of gaseous dif- 
fusion. Tho various aspects, ao listed below, arc dealt with briefly. 
In general, when greater detail is desired, reference should be raade 
to succeeding volumes of Book II ae follows i 



Activities described in VoIueb 1 attend from tho (earliest 05 EI) 
contracts, negotiated in July 1941, for the study of the diffusion 
process, to 51 Deceiaber 1946, e.*\ which tirao all basic phases of the 
K-25 program of research, design, and construction had been effectively 
completed, the gaseous diffusion plant existed ae an operating entity, 
and administrative reepencibility passed from the J&nhattan District 
to the Unitod States Atomic Energy CosEdflcion, She tens, H K~2Ej Project 1 * 
is used throughout in the? broad sense, and is oynonyuiouG viHi "Gaseous 
Diffusion Project*', The K-27 plant addition lo viexaod ae a supple- 

* i 

iwntary portion of fee E*3C process plant. Ro new baGic pricoiplee 
arc involved in K-27, and its discussion is interlocked with that of 
tho original phases of the Project throughout the course of Ik>ol: II. 



Toluwe 2 *» He search 
Volurao 5 - Desipi 
Volume 4 » Construction 
volune 6 «• Operation 



A nunbor of appendices arc attached to illustrate tho text of 
thie voluno by means of nape, organisation cliarto, and r personnel 
list* SoforenooG Indicated by parentheses ac (App. AZ) t (App. Bl), 
etc., refer to I ton S of Appendix A, Item 1 of Appendix B, ©to, 

Hw Surasfiry contains an abstract of every major subject troatod 
in Voluao 1. Paragraph numbers in the Smanery correspond to section 
numbers in the min text. 

A detailed descriptive account of tho K~2S Project with special 
exsphaeis on dooifni and development has been prepared by tho Eellex 
Corporation* "Conpletion Report on tho K-25 Ckc Diffusion Plant" 
(Contract lio, ^-74C^-9nfN-23) January 1, 194G - H t 3, Levey, J. F. 
Hogorton, and J # E. Arnold* This report has provided on outstanding 
source of reforonoe during tho preparation of tho present work, More 
extensive treatment of the design ana engineering underlying mny of 
tho ©ubjoct3 discussed in Boot II nay bo found by consulting tho 
Kellex report. 
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X* Introduction. <*• The goal of the Gaseous Diffusion (K«25) 
Project tolb the large scale, Eulti-staj-e separation of fron 
the raore ebundant non-f isoionablt? uraniuE3<*238 by utilization of the 
principle of xaaleeuler effusion, fhc complete novelty both of the nasu" 
fticturin- process, end of the process seterial, cede necessary & ua^er ■ 
pronran of ftradaxaental research, development, engineering daeicn, cos-* 
struetion, end operation, involving * large msabsr of usivsrsitgr end 
industrial contractors. Basic authorisation ms obt&Snefi fros the 
President* ??ith the general approval of the S-l Coxssitboe of fee Off ioe 
Of Scientific Boeearch and Development (0SI2)), and the Military Policy 
Consrlttse, i&^or GOnes*-! L a E» Groves directed the general policies 
tzader which the iS&nbattan District carried on the work. 

2. Basic Theory* « *■ In 1058 G. Efehn and Strnsssann discovered 
■fee phenoaenoa of nuclear fie s ion in uranium It «&s subsequently 
realieed that the fission reaction «s due to the uEuniun isotope of 
atonic weight 255, and that the reaction could probably be rn.de -bo sus- 
tain itself as a chain reaction with the rapid release of tresaendous 
quantities of energy* The probles aic therefore presented of concen- 
tre tinr Uranium-2S5, frfiieh exists in natural ur&nius only to the extent 
of Q.7K per cent. The task is scrap lica ted because of the smll differ- 
ence in the atonic msooe of E**23D and U-258 # Tshieh difference jaost forra 
the basis of the operating process, The cethod of paseous diffusion is 
based upon the experimental finding of Thomas Grafcan in 1829 that the 

- 

rate Of effusion of "$as©c through snail apertures is inversely pro- 



portional - to their raolecular weights* Tho only knoati feasible working 
substance l or the proooss «ae uraniin hescaf luorido, t?Fg, *&ich can be 
easily volatilised, Tho process equipment installed at K-25 consists 
of & lengthy eoriee Or f 'o&ooade ,: of diffusion eta gee. The '''converter" 
Of each Stage ic subdivided into & cooler end "diffuser". The diffuse? 
Is e. tank-like piece of equlpaent which enclosoc the "barrier*'. The 
barrier is the heart of the process, end consists of a thin, porous, 
z&3 tall ic raenbr&ne containing billions of Buhnicroscopic openings per 
•qiAre inch, The Btagc *B puap" supplies the converter continuously 
with uadiffused gas fron the stage above, cdxed with diffused g&s fron 
the stage below* The oooler route vos tho host of punning end maintains 
e constant operating, temperature. Conditions &r© so arranged that half 
of tic ges fed to tho converter diffuses through the barrier* beeoraing 
slightly enriched in concentration of the lighter oomonent in accordance 
with Orahan'c taw, and is delivered by the stag© "A ptsr. 11 to the nest 
higher stag©* She remising half leaves the converter, passes through 
the control valve, which naintaino a cone tan t converter operating pres- 
sure, and esters the suction of the next lower etage»B ?uap/" Product 
anterial is withdrawn fron the "top" of the cascade. Depleted waste 

■ 

leaves at the "botten" • < 

Z m Planninr of the Project» * In July l&-il, contract 
OCI^r-103 was awarded to Columbia University, providing for investigation 
of the eothod of gaseous diffusion fee applied to uranium isotope sepa- 
ration. Contract OBKar-406 w&o next awarded to tho M. T7. Kellogg Company 

* 

for further exporinental and engineering investigationo After the pre- 
lininary product iori plant program had been reviewed by the OSKP S-l 
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Executive Comudttee and the Reassessment and Reviewing Committee, it 
was decided to construct a 46OO 6tage plant to produce 1 kllcgran per 
day of tf-235 at a concentration of 90 per cent. Arrangements- for the 
work were concluded in secret letter contract ¥i'-7405-eng-23 awarded to 
the M. W. Kellogg Company on 14 December 19A2. For security and accounting 
reasons, Kellogg created a totally-owned subsidiary, The Kellex Corpo- 
ration, which was to be whoHy devoted to the K-25 undertaking. Funda- 
mental research was carried on at the SAM Laboratories of Columbia 
University under OSRD contracts OEMsr-106 and OBKsr-412, and, after 1 
Kay 1943, under Manhattan District contract W-7405-eng-50. On 1 February 
l%5, responsibility for the SAM Laboratories was transferred to the 
Carbide and Carbon Chemicals Corporation under a modification of con- 
tract V»-7405-eng-26. The Kellex contract VJ-7405-eng-23 also called for 
extensive research and development, as well as stipulating that that 
corporation have overall responsibility for planning, engineering, 
design, and development of the Project. A number of specific phases 
of the research program wore assigned to various other laboratories as 
subcontractors. A large nuiaber of additional firms participated in the 
immense design and engineering program, under general Kellex supervision. 
British assistance was also obtained on various theoretical and design 
problems. After a thorough review of all phases of the Project front 
the standpoint of cost, completion dates, performance, and capabilities 

of possible plants, it was decided on 18 August 19^3 to construct a 
plant to produce raaterial at an isotopic concentration of 36.6 per cent 

U-235, and on 31 March 1945 the "K-27 Plant", a side feed addition plant, 

was authorieed, in order to increase the production capacity of K-25. 
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Diffusion plant construction was accomplished principally by the J. A. 
Jones Construction Company (contract ?j-74£l-eng-ll) , and Ford, Baeon^- 
and Davie, Inc. (contract W~7407-eng-19) , each under the supervision of 
Kellcx, and each assisted by numerous subcontractors. Operated prin- 
cipally by the Carbide and Carbon Chemicals Corporation under contract 
'&-7405-eng-26, the plant has been in production since March 1945- 

4„ Description of the Project. - The K-25 production plant is 
located at the northwest comer of the Clinton Engineer Eorks military 
reservation. The process area includes the main cascade of 2892 stages, 
housed in a series of 51 contiguous buildings arranged to form a single 
large 11 U "-shaped structure. Each building is subdivided into from 
three to fourteen six-stage "cells" sshich are the smallest individually 
operable units. Auxiliary facilities include systems for feed purifi- 
cation, purging, surge and waste handling, process gas recovery, and 
product removal . Service installations ere also provided for aainte- 
nance facilities, and for supplying compressed air, specially dried air, 
cooling water, and special coolant, in accordance Kith process require- 
ments. The conditioning area includes principally the conditioning 
building, in which a large number of cleaning, fluorinating, and 
maintenance operations are carried on. A siseable florlne generation 
plant is also located within this area, together isith a disposal unit 
for spent conditioning gas, a nitrogen vaporisation system, and a 
270,000 pound per hour lots pressure steam plant? Tne power plant area 
includes a boiler house for three 750,000 pound per hour coal-fired 
units designed to produce steam at 1325 pounds per square inch and 
9350^ e turbine roos for 14 turbo-generators with a cosbined rating 



of 238,000 K'*, a storage yard lor 250,000 tons of coal, and euitable 
switch house and pump house facilities. The administration area in- 
cludes miscellaneous office buildings, laboratories, station houses, 
a cafeteria, a dispensary, and a laundry. The K-27 Area is a struc- 
urally separate annex to the coin process area, consisting of a 540- 
stagc cascade complete with auxiliary facilities, and so connected 
Kith the cain buildings as to form a "cascade of cascades". Some- 
times referred to as "the largest physico-chemical process in the 
world", the K-25 plant represents the fruition cf a research, de- 
velopment, design, and manufacturing program which was spread through- 
out the cation. The greater plant area encompasses sees 50-00 acres. 
The cascade "U" is one mile in perimeter and one quarter Eile across. 
The size of the installation, which had required 60,000 carloads of 
equipment and supplies as of 1 January 1946, is typified by the 
following: the plant contains 7,500,000 square feet of geometric 
barrier area, 8,700 process and coolant pumps, 100 miles of process 
piping, 130,000 epecially engineered instruments, and 500,000 valves. 
Auxiliary facilities include one of the largest dry air installations 
ever constructed and a 170,000,000 gallon per day cooling water plant. 
The power plant is the largest steam-electric station ever constructed ' 
in a single operation, and a 200,000 gallon plant inventory is maintained 
of specially developed process coolant. 

5. Major Problems. - A host of problems of unparalleled scope 
and complexity were inherent in the K-25 program. Outstanding amoung 
these were the evolution, development, and large scale production^ 
barrier a totally novel and highly specialized material. , DELETED is 
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Tho factor of corrosion vac a dominant con- 



sideration throughout tho c outgo of the program. In ordor to rrtrt nrt eo 
the effects of barrier plugging, procese gan consumption, prooeco 
stroma contamination, onfi equipment deterioration, elaborate pro cautions 
woro taken at the E-25 plant, and at rfwy of the pointc of equipment 
fabrication. The aggresGiveneso of tho procoos tiao multiplied by 
the large volunes to bo handled at elevated temperature, end by tho 
trenendous exposed surface areas within the plant. Cleaning and 
conditioning procedure g, cot up to prevent contamination of tho procsGQ 
stream, rrere based upon specifications approaching those of a hospital 
curgery Tmrd. Leakage of ateasptaric air into the process eyctem 
would be of such dicaotrouG effect in terms of UF g consumption, Gtroa.m 
dilution, and barrier plugging by the non-volatile reaction products 
of UF 6 witt atmospheric molcturo, that it became noeesoary to insure 
that absolutely no amphoric air could find its *ay into the system. 
Unique tightnesc features had to bo incorporated in all prooess equip- 
ment, including epecial leakproof voiding, a epeoJAlly designed triploz 
purnp eoal, and a dry air enclosure around the entire process cystom of 
6,000,000 cubic feet volume. Special pumps, converters, valvos, and 
inntru^nte were required in largo quant 1 tie a, and a number of cpeoial 
highly fluorimted, inert chemicals hod to bo nov/ly developed. In 
order to carry *m estibmted deeign load of 193,000 Krf, it vac required 
that a highly reliable and unintorruptod eource of powor bo available, 
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distributed anoxic a number of specified frequencies, each variable and 
subject to cloco control* Tho special haEard introduced by the fission- 
ablo nature of the Dubctanco in procos3 called for careful end thorough, 
eafoty checks on deeigne of equipment and Kathode of procedure in ordor 
to olirdnato completely any possibility of approaching the critical* 
mas. Finally, the preparation of the plant cite called for the 
levelling of raany acres of hilly terrain* She rsethod of "coispscted 
fill" "©ae selected* It In a relatively navy concept for building con- 
struction, end involved careful arsalyals, adjustment, and control of 
uniformity of moisture oontont in eoao 2,800,000 cubic yards of cut 
end fill. 

G# Safety and Seourityw •» Strict and thorough eeourity, eafety, 
and nodical program woro set up and oarried out in accordance tTith 
standard District prooodures. 

7# Costs> - Ao of the end of the ficcal year 1046, total coots 
attributable to the E-25 Project amounted to £552,466,926, and the 
current estimate for total ooste at coirs lotion of contracts bs-b 
&643, 703,601. 

0. OrpaniEGtion ami Personnel. - Hon E-25 Project ves headed 
by an Gfficer-in-Cbarge, or Unit Chief , reporting to tho Manhattan 
District Engineer. Reporting to the- Unit Chief «ero the Be?/ York Area 
Engineer, yfao administered design contracts, tho Columbia Area Engineer, 
who adninie tared research oontractc, and Construction, and Operations 
Offioerc stationed at tho eito. The He*- York Area vaxc assisted by 
throe cub-aroas located in Decatur,, IllicolGj Detroit, Hiohigan; and 
Hllwaukoa, Tftsconein. The Jfealaon Square Araa, reporting directly to tho 



' Dictriot Hn-lnoor, crA nerving &11 Diotrict promote, supplied food 

taiterial and special cl»©isi9«.ls» 




WiJBhTTJl DISIKICT HISTORY" 
BOOK II - G&SEOUS DXFFOSXOB (K-28) PROJECT 
VOLUME 1 - GBKSKj6.Ii PKATOHSS 
SEGTIOH 1 - IH1RODT3CTIOR 

1-1. Pnrpo3o, - Tho purpose of the Gasoouo Diffusion (K-25) 
Project was to accomplish the concentration of Uraniuri-2S5 on a large 
saalc, A, production plant v.txc to be oafrinoored and built to handle a 
volatile, urani ura-confci initio process material in tho gaseous eta to, and 
utilize the principle of noleculor effusion eo as to effoot the sepa- 
rata on of U-235 fros tho nor© abundant, non-fissionable, U-250, throu$* 
tho use of a lone series of diffusion stages, in each of vshioh a elicit 
enrichment in concentration ysxc achieved* 

1-2. Scope. - In order to acooisplish this objective, a mjor 
profran of fundanent&l research, dovelopnant, engineering, design, 
construction, and operation wus undertalasn. Industrially, gaseous 

i 

diffusion represented an entirely new end untried unit operation, 
iioroover, the prooosG mtorial vsxe a new cheEiical never previously 
handled except in ejnall quantities on a laboratory scale, Research 
end development activities «ero centered in various university and 
industrial laboratories, chiefly Columbia University'"* Princeton University, 
Ohio State University, California Institute of Technology, and the 
laboratories of tho iSs Ilex Corporation, -tho Linde Air Products Coiapany, 
the Itahelifo Corporation, the Woo torn Electric Cornarty, and tho Inter- 
oheraical Corporation, Design and engineering "wore tho reapone ibility 
of tho Kello:c Corporation and -wore carried out by ito own staff wit!-; 

1.1 
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tho cooperation of nlncty^oibc contractors from uhosa ce^or iteias of 
equipcxjnt woro procured. The taijor portion of the B-8B plank at 
Oq!: Ri&cp was constructed by th» J. A, Jones Construction Conpeny, Ina*, 
with the aid of about sixty subcontractors. The other principal priioe 
construction contractors wore Ford, Bacon and Davis, Inc., tho V.'illioxi 
A. Pope Compare the A. S, Sohulmn Electric Company, and the Combustion 
Engineering Company, Inc. Each of these was assisted by several sub- 
contractors. Plant operation is carried on by ifce Carbide end Carbon 
ChcnioalB Corporation, 

1-3, Authorisation, 

a, Basic Authorisation. « All action in connection with 
the institution and prosecution of the LV2D Project use taken, and the 
necessary funds appropriated, in accordance with certain acts of Congress 
which are described in Book I, Volutao 1, Uoder tho authority vested in 
him by these Acts, tho President issued orders and authorizations -Khich 
are also described in that volurae, 

b, miitsry Authoring tlon. - J&^or Osneral Leslie E, 
Groves directed or authorised tho general policies and directives ussier 
which tho Kanliattan District carried out the trork, The 5-1 Conmitteo 
of tho OSPD, and tho Ltilitory Policy Cemitteo, registered their 
general approval of the basic decisions involved, v 

1-4, Adriinls tratieg. - Aa with otfoer projects of the tknhattan 
District, tho bull: of the work done within the K-2S Project me carried 
on under War Departeant contracts, fcajcr price contractors arranged 
for tho performance of subsidiary or epocialieod portions of the work 
under subcontracts which were let with tho approval of tho Dietriot. 




KmZ5 contracts vroro adialnioterod by various Lfcnhattan District off looo 
cot up In the field and at tho diffusion plant site, each headed by 
an authorised rapreoentativB of the Contra o ting Officer. Tho adi::ini- 
etrutivo organisation 1g described in Section G» Purtlior details are 
presented in subsequent volunes» 
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2-1, Huelesr Fission* «• With the znonseatouo dSooovery by the 
Oei^am sclontiste, 0« I&hn and F# EtraBsmnn, in 193G, of the phonoioencii 
of nuclear f ission in uranluat, a turning point in the course of raodera 
physics was reached. The effect was one in ttfiioh the cleoont uranium 
was converted or transited into different olejaonts, meo isas converted 
into energy aooordln'' to the prcdlctionB of Albert Einstein, not/ elerjontr. 
of trans uroriio atonic nuribers wore synthesized, and a trraaon&ous reservoir 
of hitherto unleashed power mkxq uncovered • With the subsequent realisation 
tSiat the breaking up of ft uranium atom isas initiated under proper con- 
ditions by the impact of a neutron, end further that several neutrons 
, ero re released at hirh speed anonc tiie fission, product to, it tnc realised 
that this vital reaction Eight be cade to sustain itself as a chain 
reaction* In other words, Hie conversion of part of the msG of a 
nucleus into enorfy could be multiplied billions of tines within a 
very em 11 fraction of a second* The fission phenomenon was subsequently 
shove, to bo due to too Uraniuo»2S5 isotope, and scientists turned their 
attention to the study of E&thodE for separating ttels isotope fron the 
Bore abundant Uroniu£>-SS0, 

Coaooatratlan of Uronlua-SgS* - The elensnt ur&niun exists 
naturally in the f om of various conpounde all of vrhieh contain the 
caotal at! IW53G - 99.26 per cent, U-23G - 0,714 per oont, end - 
0*006 por cent* fids third corapononi, present in such a eraall amunt, 
will bo disregarded in further discussions, and the concentration 
problem cay be visualised as one? of separating froa TWJ38* the 



goal of tho ISanhattan Dictriot xxzc to mko available for military uqq 
the ntordc energy released ac a product of tho fission reaction, The 
eoopo of the K-25 Project Includes the eohanccraent 03 & lar'-e seal© of 
tho isotonic concentration of U-23C In uraniuts by boobs of tho proooss 
of Gaseous Diffusion, 



lootopeo is well knoro to be cosnlioatod by tho vers? nature of tho 
problem. Ihue isotopoD of an oloraeat are identical as far ac atomic 
nuober, and therefore cheaioal properties, are concerned, Tho dis- 
tinction ic ono of structure and weight of the nucleus, Atbonnto at 
separation most bo based upon differences in atezsic weight* Etethode 
employed nust b© physical rath or than ohenioal, and further, they taust 
mho. use of a difference between isotopes ishioh io very olicht; that 
is, the atonic weights of eleraento ordinarily differ by only a cmll 
surah or of men mite. The problems aro particularly difficult in the 
oase of uraniua, which is the heaviest of all atoco in tho classioal 
periodic table* Thus a difference of three Ease unite between the 
atos of U-25D and that of G-230 ansounts to only 3 parts in 23B (uein£ 
tho more abundant isotope as a basis for calculation) or 1,3 per cent* 
Slight as this difference ie, it ic eijsilf leant* and tdtiiin the J&m* 
hat tan District, tho separation hao boon Effected by taeann of Thoraal 
Diffusion (Book VI), by the Eloctromrnetic Method (Bool: V), and by 
tho Gaseous Diffusion teethed, which is the object of the K-20 Project, 



would, be "solocular effusion*' einoo tho iscthod ie based upon the effect 
noted by Thome Orahan in 1620 tjtieroin jaoloeuleo in the gaseous state 



Separation of Isotopes, - The task of separating 



gaseous Diff usies.,- A Esoro aooureto designation 
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?;o»d to flaw or f, off uao 1 * ttoourfr narratf aparturoa at rates which vsadwp 
■Tiwti conditions of tcEporatup© and preasuro* are iswersaly proportional 
to Bio aqmro roo* of tha doaaity or nolocular vraidUt* ISasa, If a nist-uro 
of iuuoa, is confined tdtfain a caataiaar poaaosaing a oaall opemiag* the 
li^itar aolceuioo frf.ll {send to oaaapo 1002*0 rapidly than Uia haaviar onaa* 
and a sssfics is ayaiiahlo for separating mlaculea according to ms&» 
It la iapartant to note that tho aiso of tho aperture must ba of tha 
sasa order of rjunitudo aa tho dlatanaa tpauoilod by individual raaloeuloa 
bocisoea oolllaiona with en©' aaathar#. largo r openings would perxalt 
ordinary 'Viscous" flow of -She fluid isasa without any separative affeot* 
2-3 # ■ Application of 3-9or/» 

a« r'rocoaa I3a,tarlsl« * Kloaontal uraaiua ia a dense, 
hoavy natal # '73m prooaso calla for a gaseous process r&terial, and tho 
first roquiroosat la therefore to obtain a soirpaund of uranium ia aach 
fom that it will be susceptible to procoasinsr by thia a*thod« As raill 
appear la acre detailed diseuaalon (¥ol# 2)# the material* uraniua 
hoaaf lr.orido ( t J?g)* aroaoatod itself * not trithout a aoriaa of important 
disadvantages* but nevcrthsleaa aa the only known urani«ra><50ntaiaiag 
subs-Ianee v/hioh oould bo handled in tho gfcaeous atato. 31nee the atomic 
vajight cf flucrlao ia'ia, tho roloeular vroi.ht of D 235 ?^ ia 349, and 
the raolocular weight of tj2S%^ ig 353. xt la ir^ortaat and fortunato 
that tha situation ia not oomslicatod by variation In the atoralo Tfeight 
of fluorir.o, i.a., fluorino poasoaooa no iaotopoo of ita ercai« thus tha 
difference of three msa units betwaea tho atOES of and ! 7«23S 

results in a difforonaa of throe :<naa units between the c»loouloa of 




ever, this difference now amounts not to three parts in 23S, ushich is 
already discouragingly email, but to three parts in 352, or 0.85 per 
cent. Another disadvantage of the use of a fluorine-containing compound 
is the extreme corrosiveness of the substance. The problems introduced 
by this factor are discussed in Paragraph 5-3. 

b. Process Equipment. - Having settled on a suitable 
process material, the best iseans must be chosen of exploiting the Gaseous 
Diffusion phenomenon on a practical scale. At the K-25 Plant, as now 

in operation, the basic unit of operation is the diffusion "stage". A 
stage is made up of four elements as illustrated in Figure Is diffuser, 
cooler, pumps, and control valve. The diffuser is a piece of mechanical 
equipment which includes, supports, and encloses the "barrier". The 
barrier is a porous, metallic membrane containing billions of Bub- 
xdLcro8Copie openings per square inch. The cooler is built integrally 
with the diffuser, and the complete unit is called a "converter". The 
cooler removes the heat of compression caused by pumping, and maintains 
the process temperature at the specified point. The function of the 
control valve iB to regulate process flow and pressure at the desired 
values. It is emphasized that Figure 1 is highly schematic, and is in- 
tended to aid in the visualization of process principles only. Detailed . 
description of the various items, as well as reasons for selection and 
arrangement, are left for Volume 3» 

c. A rrangement . - Since only slight enrichment can be 
accomplished in one stage, it is necessary to connect a great many in 
series to form a "cascade", a schematic representation of which is pre- 
sented in Figure 2. The stage "B" pump supplies the converter with diffused 




gas frcsv the stage below, mixed vdth undiiiused gas frosi the stage 
above. The "A" pvuap moves diffused gas or "diffusate" leaving the con- 
verter to the suction of the "B H pump of the next higher stage. That 
portion of process gas which does not pass through the barrier is re- 
cycled to the next lower stage. Process feed to the plant is intro- 
duced at a point located about one tenth the distance from the bottom 
to the top of the cascade. The operation is a continuous one; with 
respect to time, the pressure, temperature, flea rate, etc. are constant 
at any point in the plant. At each stage, pressures and flow rates are 
so maintained as to allow one half of the process gas entering a con- 
verter to diffuse through the barrier and leave as enriched diffusate. 

- 

The remaining, un diffused, half leaves as partially depleted material. 
It follows that the amount of material entering each stage becomes 
progressively less in stages further removed from the point of feed 
introduction. For this reason, the size of equipment should, in theory, 
vary continually frozs stage to stage. Esther than make each stage a 
trifle smaller or larger tlian the preceding one, necessitating thousands 
of sizes of pumps, converters, and other items, together with suitable 
spares, four standard sizes of equipment were chosen, the plant divided 
into "sections", and equipment sise made uniform throughout a section, 
but smallest in those sections farthest from the feed point. 

d. nomenclature. - To avoid confusion in subsequent dis- 
cussions it is well to la y down certain conventions at this point. The 
tens "A-stream'' (Fig. 2) is used to denote the flow of material -which is 
advancing toward the top of the plant, consisting of "diffusate" or that 
fraction of the process gas fed to a converter which finds its v*ay through 
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the barrier before leaving the unit. The "B-stream" is the remaining 
portion Khioh passes through a given converter without diffusion through 
the barrier. It flews toward the bottom of the plant. In this connection, 
"top" refers to the end of the plant at which desired product, rich in 
U-235, is drawn off, and "bottoci" refers to the opposite end, where de- 
pleted material, or waste, is «ithdra«n. "Enrichment" and "enhancement" 
are used interchangeably to denote the increasing in concentration of 
U-235- 



SfiGTIQH 8 - i»IAlKIKG OF PROJECT 

S-l* Bofjinaln,'?; of the Project. 

a. Preliminary fiork under 03RI)« *• Varlouc invoetigators* 
particularly a rreup at Colun&ia University, did nuoh to develop the 
theory of the ranooun diffusion proceso bctr/eon January 1939 and July 
1941, at which tin» the firot of tho OSHD contracts (OSKter-lOO) Tiac 
executed for the Inveetifation of thia taethod as applied to the sepa- 
ration of uraalun isotopes » fhese invest! rations wore supplemented by 
other OS!® contracts, including; one (<F,Msr-4O0) v&th the Q« V.'. Kellogg 
Cospany for engineering studies end experimental laves ti^atiaa. Uti- 
lizing the fundaBOTttal data obtained at the Golunbia University in- 
stallations, in addition to their gfec essjerSjosntal f SndiarG, the Kellogg 
Conpany desired a diffusion pilot plant, doviBed a process f lot? diagram 
for & largo Bcale production, plant, end cade preliminary designs of 
principal mechanical oquipneat* Tixis vx>rk is suraa&ri*ed in a report 
entitled "The Diffusion Flant-Firat Progress Report" (Vol, S). 

h» Seleotion of r 'roooss» - She cone true t ion of the 
production plant tjan later authorised on the basic of thot3o studies. 
On IS Bovenber 1948, the LUitnry Policy Corrlttoe roeoanendod that 
the Kellogg Conspany should prooeod with t he construction of the pilot 
plant and that, subject to tho concurrence of the OSPI> S-l Executive 
Gonaitteo, and of General (Voves, thqf should be authorized to engineer 
a production plant the else of' r/hich wig tentatively set at 600 etn-os« 
Before a final decision was made* hoTsovor, Seaoral Groves appointed a 
leasee esnont Reviewing Coiffidttee on 21 Kovecibcr 1942,, to review the 




gaeoouE diffusion process ao to its cum potentialities and rasrits, in 
contrast to the el»ctronsi rootle nethod for eopar&tins isotopes of 
tusmiua, end the pile proeeee for producing: plutoniua, Sioir recarc- 
rasadrxtion was to proceed immediately trlth the desigi and cone traction 

i 

of & 4fi00-3fc.ro diffusion plant wife c opacity of 1 Iciiorran per. day 
of at a concentre- ticrt of 90 per cent,/ Acting- on this report, the 

tsilStery folloy Comittee authorieGd r «en«ral 'Proves to arrange for the 
construction of a SGOO-stege diffusion plait, with the %« &« RellOfg 
Conreny &s en-inoere* These arran^ejaents were concluded in secret 

' letter contract f-740&*ea£*23 eaeecufced 14 Deoa^wsr 1042, for design., 
dev-lepiaent. aad procurfflwnt serviees for a plant to erarlch in 
wraniue hos&fluoride to 90 per cent by caseous diffusion..' For security 
end accounting reasons, fee Kellogg Cocnany created a totally-ooaed 
subsidiary organisation, called The Eelles Corporation, tzhieh to 
bo wholly devoted to the F*25 underfcMng* 

c. Selection of Plant Sits, » Irsfssdiately following fee 

• decision, to build tho production plant, consideration was river) to tho 

- 

b election of a suitable site* Ifse selection of the Clinton Engineer 
r ibrLu (App, Al) oe the location for tho diffusion plant is described 
in Volurrss 3. ine first internal cite isspoction (Vol. 4) for fee 
purpose of locating the several areas of the Gaseous Pif fusion Project 
was rade on 16 January 1043 by representatives of the Manhattan District 
En rise or * feo Keller Corporation, and the; Carbide and Carbon Chemicals 
Corporation,, v&ioh had b'-j - r. fen'sa^d to operate the plant. Factors 
aff'oetinr the selection of suitable cites within fee Clinton Engineer 
Works wore tocography, safety distances, dispersion of plants, rail 



service, water, end power facilities* Wine toon possible sites within 
■Kit? area were considered* Sho final location is client 1l> ar. o:islcct'& 
mp (App# AS) of the. Clinton Hnginoor Tflorlas* 

5-2. Research end Development* - Fundamental research (Vol. £) 
was concentrated in tfic 8AH laboratories of Coiur&ia University, 
originally under OSHD contracts, OBMsr-lOG and a^lter-412, end after 
1 ISiy 184C, under Manhattan District contract «-74Q5-mr<~SQ» This trark 
included theoretical studies of larno eoale production, fend esnerlnant&l 
investigation of proooss rases, corrosion properties of mterialc satis- 
factory for use In equipment such as pu^-s fend seals, etc., end laethodo 
of rainufacturincr a suitable diffusion barrier* , On 1 February 1945 # 
responsibility for the SAL' laboratories as transferred to the Carbide 
and Carbon Chcndcals Corporation under Supplemental Agreeaeot Ko. 4 
to contract W-?40*-eng-26i Tiie Kelles Corporation as also oocr.:ittsd 
to en extensive research and development pro gran under contract 
enn-2S. She Bell Telephone Laboratories (Weetera Electric Cornany) 
studied the preparation, of pandered nickel barriers under contract 
0"IJ5r-1125, The preparation and purification of f Xuorooarbonc were 
investigated at Ohio State university under contract GHbf*55&. Those 
OSRD contra© to were later replaced by Itschftttfca District contracts, and 
the proffw© osnanded to includo research by Princeton University, the 
Ihterchenioal Corporation, the California Institute of Technology, and 
certain other Industrial laboratories. Assistance v/as also obtained 
fron British souroec. 

Z-C m Declnn and 1'apinocrlrif;. - The Kello&:*JlellGip-*ar Department 
contract stipulated that Keller have overall responsibility for planning. , 



engineering, design, una dcvolopnant of the ftusooua Diffusion Project 
(Vol* 5). Because of the irs^nolty of tlie Project, tft© tsorlc ma 
cerfonasd in part V a largo nusd>er of firms under the cupor^icicn of 
the EellsK Corporation* In mny oases, problem wore oalvod by tho 
joint effort of several contractors • Assistance irac also obtained on 
various theoretical and deeim problem frm a group of BrStich scientists 

. and engineers* 

e.. Policy Chances* - She original plan to design ft plant 
for tho production of 90 per cent «s conceived before ell 

equipment problems had been solved, and before tho respective oapa- 
bilitiec of the various isotope concentration mthods were clearly 
realised* In August 1965, General Oroves requested the Hcllox Corpo- 
ration to roport on tho probable cost and completion dates for 5, 15* 
53,S and 00 per oemt production plants. Daeod upon those data, the 
cone traction of a SG»6 per cent production plant v/:vs authorised by 

* 

Gestural Grovoc on 10 August 1945 ♦ Although interact in higher eonex.- 
trationc ms shown -early in 1945, thie idea was abandoned on 10 liarch 
19<L5 after intensive study of the perforEane** cad capabilities of the 
elcctpomraetic and ?ae diffusion plants* On 51 tferch IMS, tho 
Dietrict Engineer euthoriBsd a side feed addition to fiio S0*S per 
eent plant, which greatly increased its output of this product for use 
in tiie cloctronnnnetlc plant, fhls addition ms teotn as the w K-27 _ 
Plant"* K-27, like K«5f3, is a gao diffusion plait t dcaimod to -bonoon- 
trutc U-23G, its function being to provide K-86 with an enriched food* 
E-27 ic practically a duplicate of on© of tbo ejections of K-86* Only 
those changes wore cade tdtieh xrero absolutely neeoocary or vrhioh could 
be raade tsdthottt do laying tJm progress of tho construction* The K-27 
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addition should be considered as a part of the K-25 Project. Succeeding 
voluces v7iLl accordingly treat of the various development, engineering, 
and construction phases of thiG portion of the Project at appropriate 
points throughout the body of the text. 

3-4. Construction. - The Kcllex Corporation was responsible for 
engineering supervision and ovt-rall job progress direction. Construction 
(Vol. 4) was to be handled by two principal cost-plus-fixed-fee prime 
contractors, the J. A. Jones Construction Company, and Ford, Bacen^ find 
Davis, Inc., who served also in a supervisory capacity. Under contract 
V— 7421-eng-ll, dated 18 May 1943 » the J. A. Jones Construction Company, 
with their own forces and subcontractors, in cooperation with three other 
prime contractors, were to build the facilities in the power house area. 
These other three prime contractors, William A. Pope Company, A. S. 
Schulxaan Electric Company, and Combustion Engineering Company, were 
awarded smaller contracts, and their activities were coordinated and 
supervised by the Jones Company, The J. A. Jones Construction Company, 
with their o«n forces and subcontractors, also built the facilities in' 
the process area end the administration area. The other principal prime 
contractor, Ford, Eacon^ and Davis, Inc., with their. ofe forces and sub- 
contractors, built the conditioning area facilities under contract SS- 
7405-eng-19. Electrical power lines into the Project isere built by the 
Tennessee Valley Authority under cost-plus-fixed-fee contracts. The 
site for the power house woe approved by the Manhattan District on 3 
Hay 1943, and for the process and conditioning facilities on 24 June 
1943* The J. A. Jones Construction Company also constructed the K-2? 
plant. 
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3-5. Operation . - The principal operator chosen .&£-the gsseoue 
diffusion plant is the Carbide and Carbon Chemicals Corporation under 
contract ft-7405-eng-26 dated 18 January 1943 (Vol. 5). They were as- 
sisted by Ford, Bacory and Davis, Inc., builders of the conditioning 
plant, who contracted to operate this facility through May 1945, when 

— 

Carbide could assume this task. The fluorine plant was operated by its 
designer, the Hooker Electrochemical Company, until 1 February 1945* 
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£-2, Description of 8ito» 

&• Location* - She paeeoua diffusion plant is looatod 
within the Clinton Engineer 'Nortec* Oat: Ridge, lonnoGoeo (App. Al, A2* 
A5) # Si© cite ie the northwest corner of the dlltr-ry reservation, 
noer Poplar Creek, end duo v/eet oC HeF.inney Ridge. 

!>♦ Ifcin Features* - The plant cite is fairly levol end 
possesses pood dre.iriE.ro and foundations. It toe natural rid&o pro- 
toction end i© oufficiently distant fro." o-fcer C.S.W. plants -to 
satisfy dispersion recuircssntn as a safeguard are ins t possible enesj? 
bobbins action. The Clinch River end Poplar Crook provide a source 
of -enter for procoD3 and power purposee. The relative prccdnity of 
tiie Southern Railroad, end the accessibility of tho SWl. readily 
pernittod tho construction of a railroad e^ur for freight, end tho 
installation of ensrppney power linos. 

4-2 • Description of Facilities* - Tito diffusion plant ic divided 
into four nain areas* including respectively, the aain process building, 
conditioning; facilities, power plant, and administration buildinpo. In 
addition the &*7 plant foraG a oupploiasntary process area, which 'bud 
not ori~inalJy oontonplatod, but vfnich was authorised in the spring of 
1940, and enrincored and constructed after tho bulk of the B«3D iToject 
proper had boon broujit to oomletion. 

a. Process Area. - A plot plan of tho K«2C> plant area 
ie shown in AppondSa M» The orooeoc area includes the min cascade, 
certain auxiliary facilities, and a number of e ervi.ee installations. 



(1/ —in i-roceas Buildings. - The diffusion procesB 
takes place within a series of 51- contiguous- buildings arranged to form 
a single huge »U"-shaped structure. A total of 2,892 diffusion stages 
is provided. Each building in this cascade contains from three to 
fourteen "cells". The coll is the smallest individually operated unit 
of the cascade. It is a group of six stages contained within a single 
enclosed steel cubicle. Dry air is supplied continuously to the cell 
cubicles, and the internal temperature is controlled thermostatically 
at operating levels ranging from 90° to 120°F. A cell can be started 
up or shut down independently of the other cells of the plant, and can 
be added to, or removed from, the cascade at elll. /» building can also 
be removed or added to the cascade without interruption of the operation 
of other buildings. Thus, the continuous operation of the cascade is 
not dependent upon the continuous operation of every stage, every cell, 
or every building. There are six sections containing 2,622 stages 
above the feed point, and three sections containing 2?0 stages below 
the feed point. 

(2) Auxiliary Process Facilities. - In addition to 
the cascade proper, there are five auxiliary process systems. These 
are: (l) the feed purification system, designed to purify, distill, 
and feed uranium hexafluoride to the cascade; (2) the purge system 
which removes light diluents froffi the cascade; (3) the surge and waste 
system which provides a means for damping process pressure fluctua- 
tion and removing depleted waste material, (h) the process gas re- 
covery system, which per;d.ts of evacuation of process equipment to 
be shut down for repair, and (5) the product system for removing 
the final product of the plant. 



(S) Se rvice Installa.tione« •* Facilities were oon- 
* otruotod in the proooco area for applying dry air for inetrujaratc,. 
punn »©ale, and all oquipisaat enclosures, for fiataiehiag dry oasapressod 
air for pneumatic instruments, for f umiohinf; procoaca cooling tator* 
end for otorinc a»fi purifying the special process coolant* Shops aro 
available for the calibration, repair, and cleaning of the pncua&tic 
end electrical inotrtnontc and equipment* 
b» Coadltionlaj Area. 

(1) Coaaitloainp Building - The principal building 
in this area ic the Conditioning Building, xtfiore mjor itsras of process 
equipctsnt, Buoh as purse and diffuacr units, aro treated vdth fluorine 
rue to fore a surface fluoride ooat triiioh is inert to process gas, 
thereby olininatiag corrosive reaction between ©quipasnt and process 

f luid# Tbia building also houses facilities for obcE&oally clean inry 
and mouun ten tin, r process pip Jag, valves, and various other piecos of 
equipircnt before installation, and a precision naehino shop for repairing 
and od^uctinr; process equipment* 

(2) Fluorine Plant and Disposal Systos» • A plant 
for the electrolytic eoner&tion of fluorine gno for conditioning purposes 

■ ic located in this area* Suitable facilities for purifying bottling 
conditioning, gas for use in the process area arc provided, ac aro rasans 
for dlonosinr eheaioally of waste and contaminated fp.o and acids faros* 
the conditioning building. 

(S) HitrcfOn Supply. « Dry nltro-en fan is distributed 
fron this area through pipe linen to the procoac area. Tills material 
ic received in liquid fona and vaporised prior to distribution* It is 
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chemically inert to process gas, and is used to protect the interior 
of process eqoipsnent froa contamination by air, as pump sealant, as a 
conditioning diluent, for purging purposes, and in certain instruments. 

(4) Auxiliary Steam ilant. - An. auxiliary steam 
plant is provided, chiefly for supplying heat to various buildings. It 
includes six forced draft boilers with a total capacity of 270,000 
pounds per hour of steam at 175 p.s.i.g. ** 

c. Forcer Ilant Area. - The principal buildings located 
in this area are: (l) the boiler house, which nouses the three coal- 
fired boilers and operating ofiices, each boiler being designed to 
produce 750,000 pounds per hour of steam at a pressure of 1,325 pounds 
per square inch and a temperature of 935°Fj (2) the turbine room, con- 
taining U turbo-generators, with a combined rating of 238,000 KW; (3) 
The main switch house, containing electrical equipment for the regu- 
lation of power, and an auxiliary switch house for control of power 
plant operations; and (4) the pump house for supplying condenser w ter. 
Two coal dumps provide a total storage capacity of 250,000 tons. 

d. Administration Area. - In this area are located office 
buildings, a fire and ambulance station house, guard headquarters 
buildings, a dispensary, a cafeteria, a laundry, and four laboratory 
buildings completely equipped for plant control and assay work on 
process material. 

e. K-27 Area. - The K-27 plant (App.A$) constitutes a struc- 
turally separate annex to the main process area. Its function is to in- 
crease substantially the overall output of the greater K-25 Project by sup- 
plying pre limi narily enriched feed to the main cascade. It is located, just 
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eoutatwset of the original "ij** structure* and is connected to it by w&x& 
of xjroecee fr as linee in each a ussy as to fom a ^cascade of eascader;"* 
It consists of a ©iO-stajjc? e&ooad© ein&ler cb all Important respects 
to the mis cascade* Certain specific differences in. design are 
discussed in Voluaa S« It is complete vritii its cttu, eei Of iwsdliary 
procose facilities, including: such itons as a feed purification syeton, 
fiurg* and m«%e oysteaaG, and- purges and product facilities* 

Sigo of the Prc,1oot» - fhe K-25 process fc&c boon called 
"the largest physieo^heanoai proeesc in the i2orld% layrollc of the 
©pomtiuf? cos^ery l»vo reached a peal- of 11,050 n&aos. Construction 
personnel at on® tin? totaled ©vor 23*000,* Since the present volune 
ic in-Wndod as fin introductory survey of aias, ooope, end problexas, a. 
brief indication ic isado of the unusual latitude of tho I ro ject, so 
that the reader say obtain tkc proper perspective before proceedins to 
euhoequerit volur«?2 and core detailed accounts of progress of research, 
evolution of desiga, cone true tion and procssmssnt schcdulec* ©to# 

a# Cfeorraphical Dietributicn* - Mention has been ia&de 
of tho largo ntc&er of participating institutions and amtfftetaring 
firxac* St say bo noted that proper supervision, controls end coordination 
of the various research, development, dodge* and nanefacturSnc activities 
noeeseit&tsd the miirbonance of Mtobsttco District /area Offices in 
Decatur, Illinois; Detroit, JSiohiganj and J&lraaukec, Wisconsin, fro 
eep&rate unite t»ro jaaintainod in Bow York City* A third office in 
Ken? York City, as well ae Area Offices in S!oae:s«ada, ¥TIliai»£ton, and 
Cleveland, were not exclusively devoted to the prosecution of the? 
g&eeous diffusion portion, of the Ibnlmttan Project, but participated 
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extensively In certain phases of the K-25 undertaking. The production 
plant itself is situated at Oak Kidge, Tennessee. 

b. Size of the Mant. - The K-25 area is situated on a 
5,000-acre tract of land, 60 acres of which are encompassed by the 54 
contiguous buildings comprising the "U' ! -shaped structure which houses 
the main cascade and light diluent purging eystea. The "13" is one 
mile in perimeter and one quarter mile across. The process buildings 
of the main and auxiliary cascades are all four-story structures, and 
contain the process equipment including, in part, approximately 3500 
diffusion stages with a total geometric barrier ares of some 7*500,000 
square feet, 0700 process and coolant pumps, 100 miles of procees 
piping, and 130,000 instruments, the majority of which are specially 
engineered and developed to meet the requirements of the K-25 Project. 
About one half million valves are required to operate the gaseous 
diffusion plant. Among the auxiliary facilities is included one of 
the largest dry air installations ever constructed, which was designed 
for the purpose of maintaining without interruption some 6,000,000 
cubic feet of enclosed volume at a dewpoint of -/»0°F or better. It 
has a capacity of 75,000 cm of air at a dewpoint of -75°*". Included 
in the installation are 1,000 tone of refrigeration equipment. The 
K-25 inventory of special process coolant, a chemical (perfluorodim- 
ethylcyclohexane) especially developed to meet the unusual requirements 
of the process, exceeds 200,000 gallons and is valued at €20,000,000. 
Cooling water for process use is supplied by a pumping plant with a 
capacity of 170,000,000 gallons per day which is equivalent to the 
normal requirement of a city of 5,000,000 inhabitants. A 2,250,000 








pound por hour boilor plant* gonomttag ouporhoated cteaia at 1,-520 p»s«i» 
and 035°?, supplies a turbo-gano rater plant rato3 at £38,000 EW, Sha 
poiwr plant is generally conceded to be tho l&r^st cinglo Btean« 
electrie station ever built In ono operation. Included Tfithia the 
plant area aro apprafclmtoly 8G nil«B of' roads, 15 miles of rallroadc, 
12 miles of otorn ooraer linos, 23 alios of sanitary eowor linos, end 
50 eIIoc of sanitary water linoc, Ac of SO Oeptonbor 1946, over 
57,030 oar loado of freight had boon reeoivod at the Bite. 



5-1. General* » It id the purpose of this section to formulate 
briefly t2io otyttanding problem encountered in tho prosecution of 'the 
Geoeous Diffuoion i'rojeot, end to indicate their number &nd Eapnitudo* 
so that in the light of those problessn th« reader ttSII be better eblo 
to follow and appreciate the nany raisifioationc of the K-S5 under taking* 
ae well as the reasoning applied, the deeiGions rado, and the xaothode 
ohoBon throughout iho ©oureo of tho -work &s traced in cueoeedinr. volume* 
In visualising those difficult lea, it should bo borne in jaind that all 
vjero faeed under fee intense pressure of wartime urgency* under tho 
restrictions irnosod by the obviouE necessity of ©eereoy end security* 
end during a period of severe shortages of labor* Entcrialc, and techni- 
cally qualified porsormel* In the solution of these probleiae It beoasse 
naoessnry to eaploy the development end nanufaaturicg facilities cf 

of 

dogons^unlvereiiy laboratories* and hundreds of industrial concerns* In 

— 

rnny coses the simultaneous proeecution of nuserouo interlocking phacee 
of the research and design complicated the scheduling and accomplishment 
of the work by necessitating Hie releaso of plane and desims for certain 
portionc of tlic Project, oven thou;* It ms realized at the tine that 
those docioiono night be affected by other factors not yet fully developed* 
" Thio mde neoocsary extensive; etudy and earef ul re-ohookinf:* under 
separate aooutxstions* in order to ensure the- necessary decree of flc:ci- 
bilily. 

Barrier » - Sineo the barrier le the very heart of a feseouo 
diffusion plant,, the evolution, developaant* and Sarco ocale production 



of th5.G tutorial wao tho nur±>or ono problem tlirou-Jiout tlio course of tlie 
Project, It TJac required to dovolpp and fabrics. to, on a larprc scalo pro- 
duction basis, a previously unlrnoTsn, structurally rugged, porous taecsbrane 
containing billions of cub-nicroscopic opening per eqie.ro inch, As shown 
in VoIiejo 2, to bo effective as a separating ncdiuQ, tho dioxaotor of tho 
openinrs nunt be on the sane order of magnitude as the moan froo path of 
the process gas molecules, tho average die fence truvelled by a noloculc 
between two Guooeosivo collisions fdth othor nolccules. This reGults in 
a specification cf aperture dianeter at a diruncion «rhioh is less than tlic 
vsnvelength of visible light* IJoreover, in order to attain practical pro- 
duction rates, tho barrier must contain liberally billions of those 



openings per square inch. 
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%! G Kcrkmnohip and durability of product met be such as to evoid 
the formation of pinholes or invisible cracks tsiiich rrauld permit the ncsc 
f lo?r of non-enriched process fluid through the barrier. Finally, i±ie 
nature of the material cuct not only be snob as to resist attack by the 
violently corrosive process fluid, uranium hensif luoride , but it must 
also be able to \rithstand exposure to the conditioning pas to bo used 
to form protective filrss on tho internal surfaces of tho converter, 
namely, fluorine gas, which is t!ie moot reactive eleaent knoin* 

6-S, Corrosion. - The factor of corrosion, as considered in 
connection with barrier requirpasnts, ployod an equal rolo in do to raining 

6»< 



tho natorSfil of construction for any pipeline, valve* or piece of 
equipment which was to be used la contact with ur&niua hesafluoridc or 
fluorine gast It was realised fro.:; the outset tJiat corrosion could 
result In any of four undesirable effects? contamination of the process 
stream, deterioration of equipraeat, end particularly plugging of the 
barriers, and consumption of precious process raatorl&l. Within the 
diffusion plant, large voluraos Gf proc«co gas, at high temperatures and 
rates of f low, are recirculated rauy tiiaoc through dice of piping 
pumed through thousands of pieces of equipiacnt, and passed across and 
throujfc aany acres of barrier surface. A rate of corrosion nor unit 
area of exposed equirsimt Gurfaoe which would ordinarily be considered 
noderato or leer, whoa multiplied by tho trscicndous total expos od area 
within, tho E!«S0 plant would load to suoh a high total rate of consumption 
of process fluid ae to beoons prohibitive* Measuring cousueption rates 
on a per-pound-bB.fi is of process mterial handled, the mrinus nuiaericai 
values peraittod oust be very low because of the huge volumes handled in 
co parison with the sxaall anounto of product obtained eer day # These 
considerations were Intensified not only by the high EOnotary value of 
the process fluid, especially in tho higher sections of the plant, but 
even s»re so by the critical wartirso strategic value of tho product* 
Detailed study end analysis of the problen w»ro, in fact, to lead to 
specification of allowable corrosion rates at values belorc- that of... 
stainless steel in air# The iransnclty of the problcn po3od by this 
factor wac quickly apparent in consideration of tho fact that tho 
E&terlal to be proco3sod t«ig a choiaical nover previously handled in 
industry over, on a em 11 scale;, and one which Imo a tendency to react 



with extraordinary aggressiveness v&th nearly all known E-aterials of 
construction. 

5~h> Contamination. - Contamination by traces of. foreign 
materials will cause many of the same harmful effects as interaction of 
process fluid with structural x&attrials: barrier plugging, process 
stream dilution, and UF^ consumption. In addition, a distinct and 
serious "special hazard" would be introduced by hydrogenous materials, 
e.g. moisture, finding their way into the systea. Such an occurrence 
leads to an accumulation of hydrogen fluoride in the higher, more 
enriched sections of the plant. The possibility of a disastrous chain 
reaction setting in as a result is considered further in Paragraph 5-9 • 
Cleanliness specifications were to become necessary approaching those of 
a hospital surgery ward. A fingerprint on a process surface would fail 
to pass these specifications. The vast prograc of cleaning, conditioning, 
and maintenance of cleanliness, which had to be set up, was complicated 
by the size of the Project, by the thousands of varying activities being 
carried on siicultaneously by different crafts during construction and 
installation, and by the early realization that certain phases of the 
cleaning and conditioning would have to be handled and supervised at 
the point of manufacture of many items of equipment in factories 
scattered throughout the country. 

5-5. Leakage. - The process is operated at pressures below 
atmospheric, but leakage of air into the system is absolutely intoler- 
able. This is prixaarily because of the ruinous results of the interaction 
of the water vapor in the air with the process fluid. Such an occurrence 
■would consume process material, and fonr. non-volatile uranium oxyf luoride 



ao a hydrolyolc product, xji.Hi consequent plugging of the b&rrierc, and 
would contribute to tiy? aootinalatlon of hydro gocoua mtorial tTlthin the 
eya-tea, Air Inlwikage *rill &l&o dilute tha proceec stroarj v/ith asygon 
and nitrogen* thereby icpairins operating efficiency, Shoo© effects 
ero bo Intolerable that it because necessary to mlas euro that absolutely 
no Gtaioopherlo air could find its .way Into the process Byatora, Problem 
poood included tho fabrication of ell process ooulpraaat in such aasnor 
that atnospherie leafcajs was nil. Ihio vras to bo aaoonpllGhod by develop- 
raant of now and unusually leafcproof isoldlng -bsclmiques, by incorporation 
of unique ti$itnoaa features in all proooae equipment* and by providing 
a special, dry air enclosure around tho entire proooss cystep, Hie 
total voltsao of which "was finally to exceed 6 # 000,000 oubic feet. 
Finally t a vacuus; toclmiqus had to bo developed by paeans of vahich 
hundreds of thousands of routine leak tests and ropalro could be cade, 
bo tli at idie eito on in titc plants of mny equipment rxciufacturors, at 
speeds approximately forty tiraoo that of any previous hlgjx vacuun 
testing, and using scientific instruaenta especially developed and 
designed for the K*2S Project. 

5-G, Special Equipment, • Text unprecedented nature of tho 
operating process, tho corrosive, toxic, and expensive aspects of the 
prooQ3E cats-rial, and tho eub-ateospheric features of tha operations » 
ooiabinod to require^ alnoa t reLthout exception, dosi#» and arrcngoBonto 
of oquipiaont which wore totally now and previously untried, Bio design 
and procurement of bok© fiOOO proooDS pimps, capable of operating at 
eub-<itnosphoric pressures, at fti$t teraporatures, at supersonic tip 
speeds, with lowest poccible holdup voltrae, an;! with eero inlooJtogB 
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of air at the shafts $ the. dovolcpnont and mnufacturo of ptrrnc for 
f luorins- eer~ice$ of vaoutua valves without leakage across tho ooatf and 
pneuaatio and electrical instrrenonter in. hu^e ntwfoere and unprecedented 
designs, wore oooe of tho nany sta^orin f ™ tasks confronting K«*25 
equipment on sincere. 

5-7* Special C hemicals » « Bool' VII treats In detail of tho 
various phases of tho program relating to special chen-dcalc. In. this 
section, indication is nade of the typo of problon posed by this 
rjortien of tho Project* 

a* Process ^iteplal, - Tho process requires a fitnblo, 
volatile conpound of umniisa In «hich the other atoms present do not 
present aospllcations by reason of" leotopic variation* Tho only suitable 
E&terial knoin is uraniua hexaf luoride* It fulfills these requirements, 
but has the disadvantages of toxicity* errfercne corroEivsnesG, and 
hifh frossinp point* 

b« Condi tionin." Qas* » In order to "irrauaiae", as far 
ae possible, tho internal surfaces of process equipment anaiast attack 
by UPp, a soothed teas developed vr.iich involves 1£io fonaation of a 
protective fluoride film by esc^oouro at elovuted tcrperature to ele- 
roonfe.1 fluorine* Except for a single pilot plant installation, no 
industrial utilisation of fluorine had ever boon undertaken prior to 
the KmQ5 Pro^eet* t-otinatod eonditionln- needs at tho gaseous diffusion 
plant/ led to trie decision to construct a special facility at the site 
to produce 200 pounds per day of the* substance. Since gaseous fluorine 
is the roost aggressive elonsnt known, hi#dy toxic a Mr-hly corrosive, 
and a violent eupportor of co^juctio», the design and operation of thio 




unit posGd no cmll problciuf It vce nucecsary to wore out safe nothod3 



cf handling, cosnreGGinn;, and a tor in tho fee/ QPtE" 
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, Finally, an effective neons rau required 



for caf© disposal of ooent conditioning nac, contaninated, diluted, end 
ctill high in f luorino content, 

c. Tost Fluids - It vsxe desired to discover, develop, 
and make available for plant use, a nc«i-hydrogenous,' gaceouc mtorlal 
which would bo non-corrosive, and preferably non-tcKic, for testing 
process equipment prior to use, Hie substance ultimtoly to be 
developed tjog n-perf luoroheptane, C^Fjq* 

d« Sealant. - She problozi of preventing inloaknre of 
air, as well ao osoape of to::ic and valuable procoac pes, at tho shafts 
of the pon y thousands of prooooc purnc, onllod for tho selection of an . 
inert, non-toxic, non-corrocive, sealing mtorial* The choice and 
adaptation of dry nitrogen for thio use, as wsll ao for purging, 
instrurnontatiorx, end conditioning purposes, ie dicouaood in Voluas S # 

e. Coolnnt« - The possibility of inloakn^e ruled out 

- 

tho use of Tctor or ordinary organic liquids in process coolers trithin 
the converters, einoe uranium hercaf luorido reacts vigorously tritii those 
materials, A b table, inort, non-Jiydrogenoue material t?ac required, of 
molecular weight appreciably above or below that of UFg, and preferably 
non-toxic. The boiling; point would probably have to be between 40 and 
20O°F # Hie substance ultimately to be developed for thie use rms 
perf luorodiircthylcyolohcscano f GqF^q, Tug cheiaioal liad never boon 
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cooaerciully Kanufactured previously, but K-25 *as to require an inven- 
tory in excess of 200,000 gallons valued at about 120,000,000. 

i. Other Chemicals. - In the course of the Project it 
also became necessary to use large quantities of helium as a probe gas 
in leak detection nork, and to devise lubricants, resilient valve seats, 
and ispregnants which would be resistant to attaeR by fluorine and 
These deaands were to be Set chiefly through the use of a nunbfcr of 
especially developed highly fluorinated hydrocarbons. 

5-.Q. power Supply. - The operation of the K-25 plant, with its 
aaay thousands of electric motors, calls for a continuous and highly 
dependable supply of power. Moreover, efficient operation of process 
pumps was to lead to specification of a nunber of frequencies, differing 
from one another, each variable and capable of close control. The 
total design load *&s estimated at 193,000 KW. It was predicted that 
interruption of the power supply for more than a small fraction of a 
second would result in a complete plant shutdown, and that several days 
of lost production time would be required to restore process equilibrium 
necessary for plant operation. It became necessary to design and con- 
struct at the site a huge steaii-drlvcn turbo-generator plant, larger than 
any other ever built in e single operation, and with an extremely high 
reliability factor. A two-ndle underground transmission duct bank v»as 
also required, as well as a distribution system including thousands of 
transformers, switches, relays, and circuit-breakers. 

5-9. Special Hazards. - Handling the working substance of the 
atoxic boEb presented obvious haaards «hich necessitated that large 
quantities and high concentrations bo carefully controlled. Precautions 



taken against the possibility oi a fission chain reaction are of t«vo 
types: First, the capacity of every storage point, and the holdup 
volume ol every process item containing liquid or solid Ui-^ at high 
concentration of U-235, had to be checked to be sure that no approach 
would be made to the critical mass. Secondly, in consideration of 
the possibility of inleakage, the neutron-moderating properties of 
hydrogenous material, such as water and organic liquids, provided an 
additional reason for ruling out the use of these convenient substances 
for applications, such as cooling and lubrication, in regions adjacent to 
concentrated process material. 

5-10, Preparation of i lant Site. - The reasons leading up to 
the choice of plant location within the Clinton iiigineer WorKs are 
discussed in Volume 3. The site acquired was located in hilly country 
covered to a great extent with timber and underbrush. The difference 
in elevation between the top of the knolls and the bottom of the valleys 
amounted to as much as 45 feet. The nature oL the plant is such that it 
would be impractical to attempt to arrange the equipment on a floor not 
entirely at one level. If the usual practice of leveling the site were 
followed, large areas would be covered with fill which would not be 
suitable for receiving footings because of subsequent settling under 
load. Attempt to carry footing down through fill to virgin soil would 
result in a network of columns of different lengths the design of which 
would entail a great amount of time, and the construction of which would 
be very difficult. It was accordingly proposed to use the method of 
"compacted fill". This is a recent development in the construction of 
dams and airfields which had not been previously used to any extent in 




building construction.. The method required careful analysis of soil 
to be moved, in order to determine the exact mixtures and percentage of 
moisture which should be present in the fill when deposited and rolled. 
The fill would have to be placed in six-inch layers, water content care- 
fully adjusted, and the deposited material carefully rolled and tamped 
in accordance with rigid specifications. The amount ot cut and fill 
required was to reach an ultimate total of nearly 2,800,000 cubic yards. 
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SECTIOIf 6 - SAPETif A!5D SECBRITSf 



G-l. Introduction, - In addition to norcal industrial hazards 
encountered, tho toxic and corrosive nature of m&p of tho ehomioale 
end cmteriala involved, and tha potentially donserouG aspects of various 
operations and nanufacturin ; rr procedures, necessitated tho orfunieation 
of a ooKproiionoivo safety prolan esrbonding throughout the K-25 Project. 
Tho vital nature of the information obtained end handled Ginilurly 
made it necessary to sot up and pronecute an intensive security programs. 
Discussion or those prof?*&£:s, as they ports. in to research, design, 
proourenent, construction, and operation phases of tho work, is presented 
in succeeding vqIus.330. 

6*2, Safety Prorreaa* 

a. Orffeni«ation» ~ All xmjor contractors tvoro ro quired 
to assign a Safety Engineer, Bupportod by an adequate staff, to enforce 
eafety regulations as specified by tho District (Book I, Vol. 11). 
The tenhattan District Engineer luxa maintained a resident Safety Engi- 
neor at Hio plant site, since the start of construction, to supervise 
and assist theso eofoty eteparfcents. Safety corarittoos ware frequently 
establiohed to consider various anticipated haeardo. One such ocas* 
KSttoe was tho flaw York Safety CoK^itteo (Vol. 5), which cooperated 
with various installations using process materials, in studying safe 
raethodo of handling these choraicalc • 

b» Safotr/ Mgaourggg - EiaployeeD of all contractors 
wore instructed In the weeoeity and raethods of oafo operation ea 
applied to their Jobs. Shifi was 'done by taeanc of votings, poetore, 
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bulletins, and other literature • For comtruotioii ecmtractoro, the 
handbook uood ac a criterion in eafoty ©jsJ accident prevention program 
vae the Corpo of tingiaaore publioatica entitled "Safety Roquiresents 
for Excavation - Building * ConGtructica" # im&rxi personnel protective? 
equipment was provided; boole, equipment and facilities wore inspected 
frequently for hts-BorOo and for oaaolieunoe cdth safety regulations? and 
oo-spleto reoortc of all injuries -were prepared, 411 District isstal- 
lctione vjero provided with adequate) first aid end nodical facilities, 
Ao a result of thic complete program, t*>e safety record of coatractors 
on tho Gasaous Dlffusioa Project ie outstanding. 

6-S, t&dloal ProgyBOt, - Because tfc» proeeca gas and fluorine 
wore taioHn to ba ©rtroroly toxic, and cinco r-any of tho cpecial ehsniesls 
wore suspected of belns dangerouG, the District inaugurated an extoaslvo 




nodical procran designed to safeguard tho health of porsoaael (Book 2, 



Vol. 7). To supplttoenfc available information regarding tho tonicity 
of process Materials* contracts troro nogotlatoa tdth certain insti- 
tutions for tho performance of annual tests to determine tolerable 
concontretiana of tlieso ja&torlale, Thie isork w not prosecuted 
directly in connection with K-25 activities j the invoetigitiorsE m?ro 
carried out under the? ^uriodictioa of tb© District Kodical Section. 
G-4. Security Proprran, «■ 

a. District Ormaigatlon, - In Book I, Tfclreao 14, on 
account ic presented of the. development and ©stablisltnent of t v ic 
sections and. offices charged witSi the responsibility for security 
administration within tho Dictrict. Ar ultimately reorganised in 
February 1044. evn Intelligence and Security Division was eot ui> with 




Branch Intelligence end Security Offices strategically located oo ao 
to cover all Manhattan District aroacs and contractors . An agent or 
offioor fron the local Branch Office v/uc assigned to the staff of 
each Area Engineer* 

b. Contractor Orpaiiigation. - Each contractor appointed 
a Security hfpnt who enforced District eeourity regulations* end reported 
to the local Intelligence Officer. 

c« Security l&&eureB» - At all faoil&tioo, educational 
propraina m^re instituted to edviso personnel of the necessity for 
absolute secrecy canoerakir; Project affaire, and to instruct individuals 
ce to the inportanoe and proper methods of handling classified isitsrials. 
All nilitary and contractor percomol wore inveefcigatod prior to 
clearance for access to classified inf creation Bad restricted areas. 
Suitable plant protection Eeasuros teere adopted at -carious installation!)* 
vfrioh included fencing of areas, establishment of a guard, Smr<m$ pass 
and bad^e control, and fire protection. In general, the plsm »fi£ 
followed for establishing cocurity oontrole as outlined in the "Pro- 
tective Security Manual" dated 1 February (Boole 1, Vol. 14), 
As a result of eueh ne&eures, no instance of sabcteee or eoriou© vio- 
lation of security ban been encountered. 



G.5 



sBcnaa 7 - ot»ra 



7-1. Introduction. - fliis book proeonta a dlscueoion of all 
costs attributable to the Oadooua Diffusion Project ( including 1C-27) 
ifTili-i the exception only of costs incurred under the special ohoxalcale 
development end procurement program. Sao latter cos to are troevfeod in 
Book VII. 

7-2. Source* - Original and nodlf icd contract estiraat^s 
presented in Guoooodinr volunes arc taken directly frtra each contract. 
All other figures are taken frcci the annual ctatexasnt of the Iknhattan 
District Coot Section for the fiece-l year !9iG 9 

7«S. Proooatation. - Tho latthod of cost presentation used in 
Book II nay be osqjlainod by comparison vith that of tiie Jvanlmttan 
District Cost Soctlon, which has act up the follovrton three oaln 
claccificatioiac, each of which includes both capital and operating 

COStCS 

a. I'ain Plant Progreua. 

b. Research Frograr;. 

i 

c. Special Operating la&torialn, 

Tho firct cloas includes deoign, engineering* and procurement ooatc 
which arc dieeuesed in Volume 5» construction costs trhich are discussed 
in VoIutki 4, and diffusion plant operation costs whtoh arc; discussed in 
Volurao G. llio cocoui class includes research costs ishieh are disoussod 
in Volune 2. Tho third olaec includes tho special chordcale oostc 
which arc covered in. Book VII. 

7»i, Cost Bre&kdotaa. - Detailed ooot breakdown* according to 
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priiao contracts arc presented In eueooedins volt»»s» end allow* tod ae 
indicated abowa# 

7-3, Cost Sitrnpary. - As of end of fee fiaoal year 1946* 
the total coKta attributeblc to tSw K-2G Project aoouatod to 
|O52 # 46G»02C. This includes early research isorlc (Vol- 2} done under 
the eueploor. of the Office of Scientific Itosearoh and Development. Ac 
of the ear» dats the current esticsato for total costs at completion of 
oontracta xmc #65.5, 703,001. A oaq»lote ausMWy is presented in Sable 1. 



SECTION 8 - OBGANIZATION AND PERSONNEL 



8-1. General . - This section outlines the K-25 portion of the 
Manhattan District administrative organization. Details regarding the 
organization of the various area offices, as well as of the major 
contractors, are presented in subsequent volumes. 

8-2. K-25 Administrative Organisation . 

a. Original Organization . - The K-25 Project was originally 
under the supervision of an Officer-in-Charge, or Unit Chief, who re- 
ported directly to the Manhattan District Engineer. The Unit Chief was 
aided by the New York Area Engineer, who administered design, engineer- 
ing, and equipment procurement contracts; by the Columbia Area Engineer, 
who administered contracts for fundamental research and development; 
and by Construction and Operations Officers stationed at the plant site 
to supervise the contracts of construction and operating contractors. 
Appendix Bl shows a typical organization chart (effective 31 March 1945) 
representing line of authority from the District Engineer to the site 
and area offices, together with the phases of work involved. It will 
oe noted that the New York Area was assisted by three sub-area B located 
in Decatur, Illinois; Detroit, Michigan; and Milwaukee, Wisconsin. This 
cherts also shows the relationship between the K-25 Project end the 
Madison Square Area and its sub-areas. The Madison Square Area supplied 
feed material and special process chemicals to the Gaseous Diffusion 
Project. Organizationally, the Madison Square Area was independent of 
the K-25 Officer, reporting directly to the Manhattan District Engineer 
and serving all projects of the District (Book VII). 




b. Reorganization. - On 1 May 1946 the PC-25 administrative 
organisation was headed by a Division Chief, and the position of K-25 
Construction Officer was discontinued, duties of this officer being 
assumed by the Chief of the K-25 Construction Section reporting to the 
Chief of the Construction Division. Appendix B2 shows the latest de- 
tailed K-25 Division organisation chert. 

c. P ersonnel. - Officers occupying key positions in the 
K-25 organisation are listed^Appendix CI. On 7 January 1943, It. Colonel 
J. C. Stowers assumed the dual position of Officer-in-charge and New York 
Area Engineer. On 18 January 1945, he was succeeded as Officer-in-charge 
by Colonel s. J. Williams who served in this capacity until the organ- 
ization change of 1 May 1946. Since that date, Lt. Colonel R. W. Cook 
has served as K-25 Division Chief. Lt. Colonel Cook had been serving 

as Operations Officer since 3 October 1944, having succeeded Major 
J. J. Koran at that tine. The post of Construction Officer was held 
by Lt. Colonel ». P. Cornelius from 31 July 1943 until 28 February 1946, 
at which time Major Holand Varley assumed this position. All personnel 
shown on the organisation chart of Appendix B2 (which was drann up as 
of 1 November 1946) are holding these positions at present. 
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i#&l,,Jterm«Mri<7 H/atrr ^jikp 




HSOI Cbo/ina lbner 4 
H&02 Coo/irxf .7$mr B 
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K-IOOI Aa'mnatretxyt Building 
KI002 Calirteria 
KI003 Dr-i-ensartj 
K-/004 Labors/ones (A thru Hi ■: 
K-1005 Payroll { Safety SuiKAha 
K-IOOS Chsnge House* '61 thru PI 
K-IOI5 Launaru BuiXfmo 
tf/Oft r-.r-.oL>. a/acl -1//ey c- 

. Time k-QtiL°crs' OPri<z&. 
K-1020 C7a/e-M>use '2 nitti Guara 1 
3ui/uV.y 

A 102/ Airi buiancc ^iar<?pv f. fine 
House 

IC/022 ASam'e iiorxx Or/ce £ Hoi 
Hour* 

k-X)23Car f ,'r-uc/r tepar 
K-/024 Insfrumenf BuMiiq 
/(■J025 tVtise for Prarn Shnsge 
A-/ICV ArCom/itioning Au Mrig 
IC/20/ Oornpiessor House 
K1J0I C-2/6 Buz/dm J 



tf-1302 C-2/6 Storage 
K-1303 C-2/6 Bottling Plant 
K-/4q Conditioning Building 
K-1402 Contra/ Nous* 
/C-/403 Pan House 
tf-1404 Ac*J Storage 
P^M05(K-/40P C-2/6 Disposal 
K-/407 Arid Atu/raliza/xm Plant 
tC-MOS M/tngen Plan/ 
K-1409 Chsnge House 
K-ltO/ he-.rting,^tant 
; A-tOt tm;=former Hbusrry, A /.'02,trA:.Vi.trB//O2) 
'■" K I4IO Pr.yener&tion Build.' ng 
X.-IOI& e>u* Losding Pla.'t'orm. 
H-/02& &ua Te,i~n iln^l 
A, Z-I017 P>"S Bep-ir &j'-i-/e 
£ Z-/OSC Electrical Repair IS Uuir.tencL 



K-1020 Joint- Field arn^c 

V-ICS? Indu.i '■rial Rcl*. 'if nr. 
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5TAGE NOTES 

feed Punfc&tian Complete fa- Case I 
A - 300-C Coolant Stome Complete for Case I 
' / / yf-j£^ Case JH ' 

I / K-fpT Case I -276 Installed Staoes In 2 A „ 
1 7 K-30S- Case H.-552 /ns/a//ed Stages In j 

-■ 2BObfslilnstelled Stapes Case JT-/506- 1 
tC-X4 Case IF : jf 
V. f JOi Case IV !, :•' -Jm 

•4. '#*&~<X? *^toflmmx .■ In -I ^mJE, 
'«*6Sc' #JtO Casel.t/26 ^Stalled Staok In itAJi 
-. ,W>. WCasrfT Si +> stood sixes In ^Sjfc 
•V -|\-*S5 JK«M "•.'«*. •. - ' 
*■ i " t -* K-601 Msstr/asoAal Confute Ibr 'Case r^t 
KJJOf Ajf Carxttioning\6ld$ * Complete .1 ^ 
for Case I. 100% CompJefe tor Casein S- 
r I ' 'Sect/on 1300 Complete tbr Case I Sjj 
Sector) MOO- Rarliat for Case f-Cbmatle'-,' 
K • ibr Casem. - 

< Ki^ Jstattxi Stages Jn tasel-HOi 
. TotatttsUM/ SiioerjhCasesIJri.~ 
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ROAD LEGEND : -S » 

Class A- jPeintcrrnt Concrete S'A*»* 6*** ' "'■ 
l~l ChssC-Cokt L&d BJAtoctK/sm. Ami* 6 'lop 2 ' 
HDD] C&isD-t/nreintbmdjeencL 4'. 6*— 4" 
tZ3 Class £-Cm*hrd Star* &v i/j/^o." A«s^ 6' Topf 
^ CbsiF-CnjsbafStaie&Bej 'Saneervnfs Top. Bese6'7ap2' 
Vt^y'CJessG-Gmirt or Ctnder Saarff Stynn/nps Jqa Aased'Jopljf 
GO Clvts N- tAwm/arKee/ Concrete 6' Amae C 

BUILDING LEGEND ' 
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KEY PERSOHKEL, K-25 ORGtoJIZATIOIl 



Willises, Col. W. J. - Cffioer-ln-SImrgpji Project from 18 January 
1945 to SO April 1946, 

Cook, Lt. Ool#R» T»« - K-25 Operations Officer from S Octobor 1944 to 
30 April 1946. K-25 Division Chief frois 1 i&y 1046 to present, 

Cornelius, Lt. Col. W. P» * K-25 Construction Officer from SI July 

19£S to ES February 194G, Chief of District Construction Division 
1 Uerch 1946 to present, 

S towers, Lt, Col» J. C. - Hew York Area Engineer f res 7 January 194S 
to 2B February 194S. Off Icor-in-Charga, E-25 Project, from 7 
January 1945 to 17 January 1945* 

BftEg3B.ro, Lt. Col, A. - Detroit Area Engineer from 21 July 1945 to 
'IS Koveicber 1944. 

Belchar, Ifegor F» II, - Detroit Area Engineer from 16 Novoraber 1944 
to SI January 1946, 

Oaspbell, t&jor JW, C. - lievr York Area Engineer from 1 l&rch 1946 to 
23 August 1946. 

Cheats, I&jor C, E, - Decatur Area Engineer tram. 10 October 1944 to 
B December 1944, 

Koupi, fegor B. K«, Jr, - Columbia Area Engineer freea March 1945 to 
January 1944, 

I&jCoraick, I'a.lor J« L#, Jr. - KHmmbs© Area Engineer fros 6 August 
1944 to 14 liorec&or 1945. 

Koran, Kajor J. J, * K-25 Operations Officer from 22 February 1944 to 
2 October 1944 • Decatur Area Engineer from 12 December 1944 to 
15 Dooeciber 1945, 

Varlcy, Va.lor Kolancl - E-25 Construction Off icor from 1 &roh 1946 to 
SO April 1946, Chief of K-25 Construction Section froc 1 Lfey 
1946 to SI July 1946. 

Anderson, Captain J, p. - Milwaukee Area Engineer froc 15 November 
1946 to SO July 194S, 

Brenran, Captain J, H. - Decatur Area Engineer from 20 July 1945 to 
9 Octobor 1944. 
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Crawford, Captain R» h, - Dec&tur Area Engineer fron 15 Pecoribor 1945 
to 1 July 1946. 

Qrotfon, Captain U L» - Columbia Area Engineer fror; January 19M to 
1 July 1946. ~ 

Eill» Captain R» C« * Milmutoe Area Engineor fron IS July 1D4S to 
13 August 1844. 

BcCoralok, Captain J« D« - Detroit Area Engineer from 1 February 104C 
to present. 
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"A" stream, 2,0 

A^iniotration area, S.f>, 4,2, 4.4 
Aportures, barrier, 2,5, 0.2 
Area Knfineors* G.5, G,l 
Area offiooa, 4.5, 0,1 
Atosio boob, 6#8 
Atonio weigjrb 

of fluorine, 2.3 

cf uranium, E. 1-2.5 
Authorisation, 1.2, 3,1 ff, 4.1 
Auxiliary facilities, 4,1, 4,2, 4.0 



"E" puqp, 2.4, 2.5 
H E" strean, £.6 
Bake lite Corporation, 1.1 / 
Barrier, 2,4*2.6, 5.3, 4.C, 
5.1-5.5 

Bell Tolophorio laboratories, 3.3 
Boiler plant, 4.4, 4.7 
Bottcn of the plant, 2.G 
British sourooa, aaaictoneo fron, 
3.3-3,4 



Cafeteria, 4.4 

California Institute of Tech- 
nology, 1.1, 5,3 

Capacity of i3ia gaseous diffucion 
plant, 3,2, 3,4 

Carbide and. Carbon Ciionioalc 
Corporation, 1.2, 5.2, 5.3, 3.G 

Cascade, 2.4, 2.5 
of eaoeadeG, 4.5 

Coll, 4.2 

Chain reaction, 2.1, 5.4, 6,0 

Claselfied natorials, 6.3 
C loaning, 4.5, 0,4 
Cleveland, 0., 4.0 " 
Cleveland Area, 4.0 
Clinch River, 4.1 



Clinton Engineer Workc, 3.2, 3.3, 
4.1, B.9 



Coal dury>o, 4.4 
Columbia Area EagSLnetr, 0.1 
Columbia tMvwrcity, 1.2, 3,1,, 3,3 
Codbuation Jtofinoorln^ Connany, lac,, 

1.2, 3.6 
Corjpacbod fill, 5,9-5,10 
Condi tlonins* 4.3, 4,4, 6.4, 5.0 
Conditioning area, o,G, 3.6, 4.2, 

4.3 

Conditioning gac (ooo Fluorine ) 
ConcroDc, 1.2 
Construction Divieion, 0.2 
Construction Offieor, 6.1, G.2 
Construction Section, 8,2 
Coneuaption, 3,5-O.i 
ContcxiinatiQii, 0.5-5,4, 0.B 
Contracting Officer, 1,3 
Contracto 

OSl&r-lOG, 3,1, 3,3 

0*Br-40G, 3,1 

0::i3sr-412, 3.3 

OSrJBr-054, S.B 

C€'&r-2125, 8,3 

fi-740G-on£-25, S.2, 3,3 

W-7405-ong-ee, 3,3, S.G 

V/-7405-onf»-50# S»5 

V;-7407-ong-l£?, 3.0 

W-7421-onc-ll, 3.0 
Control \julve, ' 2.4 
Conversion of mass into energy, 

2.1 

Converter, 2,4, 2.0 ' 
Cook, R. N«, Lt. Col., G.2 
Coolant, 4*3, 4.0, 5.7-5.9 

Coolor, 2.4 

Cooling water, proooeo, 4,3, 4.0, 
Gorneliuo, t«. P,, Lt, Col., 3,2 
Corpo of flngineers, G.2 
Corroaion, 3,3, 4.3, S,2 ff, G.2 
Critical nose, 6.0 - 



Decatur, 111., 4.0, G.l 
Decatur Office, 4.8, G.l 
Dependability (oee Kcliubiiity) 



Depleted jaateri&l, 2.6j, 2.G, 4.2 
Deterioration, 6,3 
Detroit, Mich,, 4.5, 8.1 
Detroit Office, 4,B, G.I 
Diffusate, 2.5 
DiffuSor, 2.4, 4.5 
Dispensary, 4.4 

Distribution eysten, electrloal, 6.8 

District Cost Section, 7.1 

District Engineer, 5,4, G.l, B.l 

District Medical Section, 6.2 

Division Chief, 6.2 

Dry air, 4.2, 4.S, 4,6 

Dry air enclosure eyeten, 6.5 



Einstein, A,, 2.1 ■ 
Electrical power, 6.0 
Electrical power lines, S.5, 4.1 
Eleotromgaetie Project, (eee 

Y-12 Project) 
Enriehnont, 1.1, 2.2, 2.4-2.6, S.2 
Equipment siee, 2.S 



Peed, 2.5, 8.4, 4.2, 4,4, 8.1 

Peed purification eye ten, 4*2, 4.5 
Fill, 5.9-5.10 

Fire and oribul&noe station house, 
4.4 

First aid, 6.2 
"First Progress Report", B.l 
Fission, 2,1, 2.2, E.Q 
Fluorine, 2.5, 4.5, 6.6?5.G, C.2 
Fluorine plant, 5#6, 6.2, 6.3, 5.6 
Fluorooarbons, 5»3, 5.6 
Footings, 5.0 

Ford, Bacon/ end Davis, Inc., 1»2, 

5.6, S.6 
Freeeing point of GF G , 6,6 
Frequency of electrical power, G.G 



nxh&, 0., 2.1 

Hazards, G.l (eoe also Special 

Health, 6.2 
Boat, 4.4 
Belius, 5.0 

Hooker Electrochemical Company, S»6 
hydrogen fluoride, 5.4 
Rydrogenous Eaterials, 5.4, 5.5, 
. 6.7, 6.9 



Inpregnants, 6»8 
Instruments, 4.6, 5.6, 5.0 
Intelligence and Seourity Division, 

6.2-6*3 
Intelligence Officer, 6.5 
iRtoroheniical Corporation, 1.1, S.5 
Isotopes, 2.2 

of uranlura, 2.1, 2*2, 5.1 



Jones Construction Cosp&ay, Inc., 
J. A., 1.2, S.E 



K-27, 5.4*3.6, 4*1, 4.4-4.6 
Kcllo;: Corporation, 1*1, 2.2-S.8 
Kellogg Cormny, M. W. # S.i-S.S 



laboratories, 4.4 
laundry, 4«4 

Leak testing (see Vacuus, tenting) 
Light diluents, 4.2, 4.6 
Linde Mr Products C oniony, 1.1 
Location of the gaseous diffusion 

plant, 4.1 
Lubricants, 5.8, 6.9 



Graham, 2.2 

Groveo, L* R»» I&jor General, 1.2, 

5,1*8.4 
Guard headquarters, 4.4 



ISadieon Square Area, G.l 

!5ain oascade, 4.1, 4.2, 4.5, 4.G 

ISain process buildings, 4.1, 4.2 
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Manhattan Distriot, 1.2, 1.5, 2,2, 
5,2, S.5, 5*5, 4»G, 6.1-G.8, S.l 

MoKinney Kidge, 4.2 
codicai facilities, G,2 
£!eribrane (see Barrier) 
Military'- Policy Oosaittoo, 1.2, 

S.l, S,2 
Eilwuukee, Wis., 4.6, 8*1 
Milmukoc Office, 8#1 
Moisture, 5*<l 

Molecular effusion, 1.1, 2,2, 2,8 
Eoleou'icr weight 

of fluorine, 2.S 

of umnixrj hosaf luorido, 2.5 
Koran, J. J#, PSajor, 6.2 
He tore, 6*6 



tseutron, 2*1, 5*9 

E-ew York, K, Y*, 4*6 

Ee% York Area Engineer, 6.1, 6*2 

Kew York Offices, 4,5, B#l 

Kew York Safety Cocaaitteo, 6*1 

Litrogen, 4.5, 4.4, 5,7 

nuclear poser, 2,1 



Oak Ridge, Tom,, 1,2, 6,1, 4,6 
Office of Scientific Research 

end Development, 1.2, 5,1, 5,5, 7*2 
Offioer-in-Cbarge (see Unit Chief) 
Ohio State University, 1,1, S.5 
Oporatlonr. Gffioor, 0,1, G.2 



Power plant* 8,5, 4,1, 4*4, 4.7 
President of the United States, 1,2 
Prix*! Contraotore, 1,2, £>,1 ff, 

6.1 ff, S.l 
Princeton University, 1.1, 3.S 
Probe goo (see Helium) 
Problems, 6*1 ff • 
Process area, 8,6, 4,1 
Process gas recovery system, 4,2 
Process piping, 4,8, £*6, D*S 
Product, 2*6, 4,2 
Product syetos, 4.2, 4#8 , 
Protective Security tfcnua.1, 6*8 
Pusp house, 4,4 
Poops, 4.5 

Coolant, 4*G 

Fluorine, 6*6 

Prooooe, 2*G, fl*G, E»5, 

5.7, 6*0 
Sealant, 4*4 
Purging, 4,2, 4.4 ff 



Bailroads, 4*7 

Reassessment Heviewing Gossaittee, 
5.1 

Recycling, 2*5, 6*5 
P^ofrigeration equipiaont, 4*B 
Beliabillty of power supply, 5*8 
Floods, 4,7 



Payrolls, 4.6 

Porf luorodiiaethylcyololiszanD (eoo 
Coolant) 

Perf luorolioptano (see Test fluid) 

Personnel, 4.G, 8,1 ff 

Pile Project (see X-10 Project) 

Pilot plants, 3.1, 5.G 

Plant Protection, G.o 

Plugging of barriers, G.2 ff 

Pope Company, Williara 1,2, 5*0 

Poplar Creek, 4.1 



S«l Goercittee, 1.2, 5.1 

S«50 Project, 2.2 

Sabotage, 6.E 

Safety, G.1 ff 

Safety Engineer, 6.1 

Safety Coanittees, 6.1 

"Safety Reguiresacnte for Esoavtition* 

Building-Construction", G.2 
SAK laboratories, S.5 
Sohulrr&n Eleotrio Cospany, 

1.2, Z m B 
Sealant (see Eltrogen) 
Socrooy, 6,1 

Section, 2,6, 4.2, 5,S, in- 
security, 6.1, 6.1 ff 



COmOBmiUJitD 




Security Agent, 6.3 

Separation of iootbpep, 1.1, 2.1, 



t.2, 5.1, 5.4, 4,2 



Service installation*, 4.1, 4*3 
Sov/ors, 4.7 
Shopc, 4.5 

Site of the plant, 8.8, S.S, 

3.5, 5*9 
Sine of the plant, 3,1, 5.2, 4.6 
Sleo of the Projoet* S.4, 4.5, 5.4 
Southern Railroad, 4.1 
Special texeardB, 6,4, 5,8 ff 
Stage, diffuoion, 8.4, 2.5, 4.6 

Elosjonts of, 8.4 
Stoas, 4*4, 4.7 
Stowora, J. C., Lt. Col., 0*2 
Straoamnn, P., £.1 
Sub-atmospheric features, 5.5 
Subcontracts, 1.2 
Supersonic tip epoedo, 5.5 
Surge and tmstc-a system, 4.8, 4.5 
Stdtoh house 

Auxiliary, 4.4 

Ifcin, 4.4 



ConnoBsse Valley Autiiority, 3.5, 
4.1 

!DeGt fluid, 6.7 

Theory of gaseous diffuoion, 

2.1 ff, 5.1 
The real Diffusion (aee S-50 

Project) 
Tightness, 5.5 
Tonawanda, K. Y», 4.5 
Tonawanda Area, 4.5 
Sop of the plant, 2.6 
Torcicity of UFU, 5.5, 5.6, 5.7, 

6.1, 6.2 
TranGuranic elonsntc, 2.1 
Turbine roon, 4.4, 4.7 
Turbo-generators, 4.4, 6.0 



ttiit Chief, 0.1, 0.2 
bYaniuEt-234, 8.1 
Uraniua-SSG, 1.1, S.l ff. 
Uranium hoaafluorido, 6.6 
Advantages, 2.3 



8.4 



Disadvantages, 2.5, 



0.6 



fiOlocular wei^t, 2.S, 2,4 
Umniwa, natural, 2.1 

Concentration, 2.1 

Elemental, 2.5 
Uranius e^rf luoride, 5,4 



Vaouun testing, 4.5, 5.5, 5.5 
Valve seats, 5.G 
Valves, 4.5, 4,6, 5.5, 5.6 
Parley, II. ? Major, G.2 
Viscous f lot;, 2,S 



Tsar Doparternt, 1.2, S.S 
Ifcste, 2.G 
Viator linos, 4.7 
Vloldinc techniques, 5.5 
Western Electric Cenpany, 1.1, S.3 
Williens, W. J., Col,, 8.2 
VTilr-dnEfcon, Del., 4.5 
Wilninrfcor. Area, 4.0 



X-10 Projeot, 5.2 



y-12 



sot, £.2, 5.2, -S.4 



n U", cascade, 4.6 

Underground olectrical transriission., 
5.G 
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